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(54) CIRCUIT CONNECTING MATERIAL, AND STRUCTURE AND METHOD OF CONNECTING 
CIRCUIT TERMINAL . 



(57) A circuit-connecting material which is inter- 
posed between circuit electrodes facing each other and 
electrically connects the electrodes in the pressing 
direction by pressing the facing electrodes against each 
other; the circuit-connecting material comprising as 
essential components (1) a curing agent capable of 
generating tree radicals upon heating. (2) a hydroxyi- 
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group-containing resin having a molecular weight of 
10,000 or more and (3) a radicaliDolymerizable sub- 
stance. Also provided are a circuit terminal connected 
structure and a circuit terminal connecting method 
which make use of such a material. 
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Description 
TECHNICAL FIELD 

5 [0001] This invention relates to a circuit-connecting material to be interposed between circuit electrodes facing each 
other and, the facing electrodes being pressed against each other, to electrically connect the electrodes in the pressing 
direction. It also relates to a circuit terminal connected structure and a circuit terminal connecting method. 

BACKGROUND ART 

10 

[0002] Epoxy resin adhesives are widely used for various purposes of electric, electronic, construction, automobile, 
aircraft and so forth because they can attain a high bonding strength and have excellent water resistance and heat 
resistance. In particular, one-part epoxy resin adhesives are used in the form of films, pastes or powders because they 
make it unnecessary to mix the base resin and the curing agent and can be used with ease. In this case, it is general 
75 to attain specific performances by using epoxy resins, curing agents and modifiers in various combinations (e.g., Jap- 
anese Patent Application Laid-open (KOKAI) No. 62-141083). 

[0003] However, film type epoxy resin adhesives as disclosed in the above Japanese Patent Application Laid-open 
(KOKAI) No. 62-141083, though having an excellent operability. have been required to be heated at about 140 to 180*0 
when connected in a time of about 20 seconds, and at about 180 to 210**C when connected in 10 seconds. 
20 [0004] TTiis is because catalyst type curing agents, which are inert at normal temperature, are used so that both short- 
time curability (rapid curability) and storage stability (storability) can be achieved to attain a better stability, and hence 
no sufficient reaction can take place when cured. 

[0005] In recent years, in the field of precision electronic equipment, circuits are being made higher in density, result- 
ing in very small width of electrodes and very narrow spaces between electrodes. Hence, there has been a problem that 
25 the wiring comes off. separates or positionally deviates under connecting conditions for circuit-connecting materials 
making use of conventional epoxy resin adhesives. Also, in order to improve production efficiency, it Is increasingly 
sought to shorten the connecting time to 10 seconds or less, making it indispensable to attain low-temperature rapid 
curability. 

30 DISCLOSURE OF THE INVENTION 

[0006] The present invention provides an electric and electronic circuit-connecting material having a superior low- 
temperature rapid curability and also having a long pot life. 

[0007] A first circuit-connecting material of the present invention is a circuit-connecting material which is interposed 
35 between circuit electrodes facing each other and electrically connects the electrodes in the pressing direction by press- 
ing the facing electrodes against each other; 

the circuit-connecting material comprising as essential components the following components (1) to (3): 

(1) a curing agent capable of generating free radicals upon heating; 

(2) a hydroxyl-group-containing resin having a molecular weight of 10,000 or more; and 

(3) a radical -polymerizable substance. 

[0008] As the curing agent capable of generating free radicals upon heating, prefen^ed are curing agents having a 1 0- 
45 hour half-life temperature of 40**C or above and a 1 -minute half -life temperature of 180°C or below, and peroxyesters 
are usable. 

[0009] The radica|-polymerizable substance may contain a radical -polymerizable substance represented by the fol- 
lowing chemical formula (a). 

so 
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wherein n is an integer of 1 to 3. 

[0010] As the hydroxyl-group-contalning resin having a molecular weight of 10,000 or more, preferred are phenoxy 
resins, in particular, phenoxy resins modified with a carboxyl-group-containing elastomer and phenoxy resins modified 
with an epoxy-group-contalning elastomer 

[0011] A second circuit-connecting material of the present invention is a circuit-connecting material which is inter- 
posed between circuit electrodes feeing each other and electrically connects the electrodes in the pressing direction by 
pressing the feeing electrodes against each other; 

the circuit-connecting material conrprising as essential components the following components (3) and (4): 

(3) a curing agent capable of generating free radicals upon heating and having a 10-hour half-life temperature 
of 40*»C or above and a 1 -minute half-life temperature of 1 80*»C or below; and 

(4) a radical-polymerizable substance. 

[001 2] As the curing agent capable of generating free radicals upon heating, peroxyesters are preferred. 
[0013] The circuit-connecting material described above may contain an acrylic rubber. 

[0014] A third circuit-connecting material of the present invention is a circuit-connecting material which is interposed 
between circuit electrodes facing each other and electrically connects the electrodes in the pressing direction by press- 
ing the facing electrodes against each other; 

the circuit-connecting material having, in the measurement with a differential scanning calorimeter (DSC) at 
10*^C/min.. an exothermicreactionarisingtemperature{Ta) within a range of from 70'*C to 110°C, a peak tempera- 
ture (Tp) of Ta + 5 to 30°C and an end temperature (Te) of 1 60°C or below. 

[0015] The above circuit-connecting material may contain conductive particles. 

[001 6] The circuit terminal connected structure of the present invention comprises a first circuit member having a first 
connecting terminal and a second circuit member having a second connecting terminal; 

the circuit members being disposed in such a way that the first connecting terminal and the second connecting ter- 
minal face each other; the circuit-connecting material described above being interposed between the first connect- 
ing terminal and tiie second connecting terminal which face each ottier; and the first connecting terminal and ttie 
second connecting terminal which face each otiier being electrically connected. 

[001 7] The circuit terminal connecting method of the present invention comprises; 

disposing a first circuit member having a first connecting terminal and a second circuit member having a second 
connecting terminal, in such a way tiiat the first connecting terminal and tiie second connecting terminal face each 
otiier and interposing the circuit-connecting material described above, between the first connecting terminal and 
the second connecting terminal which face each other, followed by heating and pressing to electrically connect tiie 
first connecting terminal and the second connecting terminal which face each other. 

[001 8] The circuit terminal connected structure of the present invention may also comprise a first circuit member hav- 
ing a first connecting terminal and a second circuit member having a second connecting terminal: 

the circuit members being disposed in such a way that the first connecting terminal and the second connecting ter- 
minal face each other; a circuit-connecting material capable of curing upon radical polymerization being interposed 
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between the first connecting terminal and the second connecting terminal which face each other; the surface of at 
least one of the first and second connecting terminals being formed of a metel selected from gold, silver, tin and 
platinum group metals; and the first connecting terminal and the second connecting terminal which face each other 
being electrically connected. 

[001 9] The circuit terminal connecting method of the present invention may also comprise; 

disposing a first circuit member having a first connecting terminal and a second circuit member having a second 
connecting terminal, in such a way that the first connecting terminal and the second connecting terminal face each 
other and interposing a circuit-connecting material capable of curing upon radical polymerization, between the first 
connecting terminal and the second connecting terminal which face each other, followed by heating and pressing 
to electrically connect the first connecting terminal and the second connecting terminal which face each other; 
the surface of at least one of the first and second connecting terminals toeing formed of a metal selected from gold, 
silver, tin and platinum group metals; and the circuit-connecting material capable of curing upon radical polymeri- 
zation being formed on one connecting terminal whose surface Is formed of the metal selected from gold, silver, tin 
and platinum group metals, and thereafter the other circuit electrode being registered, followed by the heating and 
pressing to connect them. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 

Rg. 1 is a cross-sectional view showing the step of provisional connection of circuit suk>strates. illustrating an 
emtxxliment of the present invention. 

Rg. 2 Is a cross-sectional view showing the step of provisional connection of circuit substrates, illustrating an 
embodiment of the present invention. 

BEST MODE FOR PRACTICING THE INVENTION 

[0021 ] The curing agent capable of generating free radicals upon heating, used in the present invention, may include 
peroxide compounds and azo compounds which are capable of being decomposed to generate free radicals upon heat- 
ing, and may appropriately be selected in accordance with the intended connecting temperature, connecting time, pot 
life or the like. In view of high reactivity and pot life, organic peroxides having a 10-hour half-life temperature of 40**C or 
above and a 1 -minute half-life temperature of 180**C or below are prefen-ed, and organic peroxides having a 10-hour 
half -life temperature of 60**G or above and a 1 -minute half-life temperature of MO^'C or below are preferred, 
[0022] The curing agent may preferably be mixed in an amount of from 0.05 to 1 0 parts by weight, and more preferat>ly 
from 0.1 to 5 parts by weight, based on 100 parts by weight of the total weight of the hydroxyt-group-containing resin 
having a molecular weight of 10.000 or nrK>re and radicat-polymerizable subsfance. 

[0023] The curing agent may be selected from diacyl peroxides, peroxydicarbonates. peroxyesters. peroxyketals, 
diaikyi peroxides, hydroperoxides and silyl peroxides. In order to keep connecting terminals of the circuit member from 
corrosion, chloride ions or organic acids contained in the curing agent may preferably be in an amount of 5.000 ppm or 
less. Curing agents that may generate less organic acids after heating and decomposition are more preferred. 
[0024] Stated specifically, the curing agent may preferably be selected from peroxyesters, diaikyi peroxides, hydroper- 
oxides and silyl peroxide, and may more preferably be selected from peroxyesters with which high reactivity can be 
obtained. 

[0025] These curing agents may be used in an appropriate combination. 

[0026] As the peroxyesters, usable are cumyl peroxyneodecanoate. 1 .1 ,3,3-tetramethylbutyl peroxyneodecanoate. 1 - 
cyclohexyl-1-methyethyl peroxynoedecanoate. t-hexyl peroxyneodecanoate, t-butyl peroxypivarate. 1.1,3,3-tetrameth- 
ylbutyl peroxy-2-ethylhexanoate, 2,5-dimethyl-2,5-di(2-ethylhexanoylperoxy)hexane. 1-cyclohexyl-1-methy ethyl peroxy- 
2-ethylhexanoate. t-hexyl peroxy-2 -ethyl hexanoate, t-butyl peroxy-2-ethylhexanoate, t-butyl peroxyisobutyrate. 1,1- 
bis(t-butylperoxy)cyclohexane. t-hexyl peroxyisopropyimonocarbonate. t-butyl peroxy-3.5,5-trimethylhexanoate. t-butyl 
peroxylaurate, 2.5-dimethyl-2,5-di(m-toluoylperoxy)hexane, t-butyl peroxyisopropyimonocarbonate, t-butyl peroxy-2- 
ethylhexylmonocarbonate. t-hexyl peroxybenzoate. t-butyl peroxyacetate and the like. 

[0027] As the diaikyi peroxides. a.a -bis{t-butylperoxy)diisopropylbenzene. dicumyl peroxide. 2,5-dimethyl-2.5-di(t- 
butylperoxy)hexane. t-butylcumyl peroxide and the like may be used. 

[0028] As the hydroperoxides, diisopropylbenzene hydroperoxide, cumene hydroperoxide and the like may be used. 
[0029] As the diacyl peroxides, isobutyl peroxide. 2.4-dichlorobenzoyl peroxide, 3.5,5-trimethylhexanoyl peroxide, 
octanoyi peroxide, lauroyl peroxide, stearoyi peroxide, succinic peroxide, benzoyl, peroxytoluene, k^enzoyl peroxide and 
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the like may be used. 

[0030] As the peroxydicarbonates, di-n-propyl peroxydicarbonate, diisopropyl peroxydicarbonate, bis. (4-t-butylcy- . 
clohexyi) peroxydicarbonate. di-2-ethoxymethoxyperoxydicarbonate, di(2-ethylhexylperoxy) dicarbonale. dimethoxy- 
butyl peroxydicarbonate. di(3-methyl-3-methoxybutylperoxy)dicarbonate and the like may be used. 
5 [0031] As the peroxyketals, 1.1-bis(t-hexylperoxy)-3.3.5-trimethyIcyclohexane, 1.l-bis{t-hexylperoxy)cyclohexane, 
1 ,1-bis(t-butylperoxy)-3,3.5-trimethylcyclohexane. 1,1-(t-butylperoxy)cyclododecane. 2.2-bis(t-butylperQxy)decane and 
the like may be used. 

[0032] As the silyl peroxides, t-butyltrimethylsilyl peroxide. bis(t-butyl)dimethylsilyl peroxide, t-butyltrivinylsilyl perox- 
ide. bis(t-butyl)divinylsilyl peroxide. tris(t-butyl)vinylsilyl peroxide, t-butyltriallylsilyl peroxide, bis(t-butyl)diallylsilyl perox- 
10 ide. tris{t-butyl)allylsilyl peroxide and the like may be used. 

[0033] Any of these curing agents capable of generating free radicals may be used alone or In comlJinatlon. and a 
deconnposition accelerator or inhibitor may be used in combination. 

[0034] These curing agents may also be coated with a polymeric substance of polyurethane type or polyester type so 
as to be made into microcapsules. Such curing agents are preferred because their pot life can be made longer. 
15 [0035] The radical-polymerizable substance used in the present invention is a substance having a functional group 
capable of undergoing radical polymerization, and may include acrylates, methacrylates. maleimide compounds and 
the like. The radical-polymerizable substance may be used in the state of either of a monomer and an oligomer. Such 
monomer and oligomer may also be used in combination. 

[0036] As specific examples of the acrylates (methacrylates inclusive), they include methyl acrylate, ethyl acrylate. 
20 isopropyl acrylate, isobutyl acrylate, ethylene glycol diacrylate, diethylene glycol dtacrylate, trimethylolpropane triacr- 
, ylate, tetramethylolmethane tetraacrylate. 2-hydroxy-1 .3-dtacryloxypropane. 2.2-bis[4-(acryloxymethoxy)phenyQpro- 

pane. 2,2-bis(4-(acryloxypolyethoxy)phenyl]propane. dicydopentenyl acrylate. tricydodecanyl acrylate. 

tris(acry!oyloxy6thyl) isocyanurate and the like. Any of these may be used alone or in combination. If necessary, a 

polymerization inhibitor such as hydroquinones and methyl ether hydroquinones may appropriately be used. Also, an 
25 instance where the radical-polymerizable substance has a dicydopentenyl group and/or a tricydodecanyl group and/or 

a triazine ring is preferred because heat resistance is improved. 

[0037] The maleimide conpounds may include those having at least two maleimide groups in the molecule, as exem- 
plified by 1-methyl-2,4-bismaleimlde benzene. N.N'-m-phenylenebismaleimide. N.N'-p-phenylenebismaleimide. N.N*- 
m-toluylenebismaleimide, N,N'-4,4-blphenyIenebismaleimide. N,N'-4.4-(3.3'-dimethyl-biphenylene)bismaleimide. N.N'- 

30 4.4-(3,3'-dimethyldiphenylmethane)bismaleimide. N.N'-4.4-(3.3*-diethyldiphenylmethane)bismaleimide, N.N'-4,4- 
diphenylmethaneblsmaleimide, N.N*-4.4-diphenylpropanebismaleimide, N.N'-4.4-diphenyl ether bismalemide. N.N'- 
3,3'-diphenyl sulfone bismaleimide. 2,2-bis[4-(4-maleimidophenoxy)phenyl]propane, 2,2-bis[3-s-butyl-4-8(4-maleimido- 
phenoxy)phenyl]propane 1 .1 -bis[4-(4-maleimidophenoxy)phenyl]decane. 4.4'-cyclohexylidene-bis(1 -(4-maleimidophe- 
noxy)-2-cyclo hexylbenzene and 2,2-bis[4-(4-maleimidophenoxy)phenyl]hexaf luoropropane. Any of these may be used 

35 alone or in combination. 

[0038] Use of the above radical-polymerizable substance in combination with a radical-polymerizable substance hav- 
ing the phosphate structure represented by the above chemical formula (a) brings about an irrprbvement in bonding 
strength on the surface of an inorganic matter such as metal. The radical-polymerizable substance may preferably be 
mixed in an amount of from 0.1 to 1 0 parts by weight, and more preferably from 0.5 to 5 parts by weight, based on 100 
40 parts by weight of the total weight of the hydroxyl-group-containing resin having a molecular weight of 10.000 or more 
and radical-polymerizable substance. 

[0039] The radical-polymerizable substance having the phosphate structure can be obtained as a reaction product of 
phosphoric anhydride with 2-hydroxyethyl acrylate or methacrylate. Stated specifically, it may include mono(2-meth- 
acryloyloxyethyl) acid phosphate and di(2-methacryloyloxyethyl) acid phosphate or the like. Any of these may be used 
45 alone or in combination. 

[0040] As the hydroxyl-group-containing resin having a molecular weight of 10.000 or more, polymers such as poly- 
vinyl butyral, polyvinyl formal, polyamide. polyester, phenol resin, epoxy resin and phenoxy resin may be used, which 
exhibit superior stress relaxation properties at the time of curing and bring about an improvement in adhesion attribut- 
able to hydroxy! groups. Those obtained by modifying any of these polymers with radical-polymerizable functional 
so groups are more preferred because heat resistance is improved. In such an instance, they are hydroxyi-group-contain- 
ing resins having a molecular weight of 10.000 or more and also radical-polymerizable substances. 
[0041] These polymers may preferably have a molecular weight of 10.000 or more, but those having a molecular 
weight of 1 .000,000 or more tend to have poor mixing properties. 

[0042] As the hydroxyl-group-containing resin having a molecular weight of 10.000 or more, a hydroxyl-group-con- 
55 taining resjn having a Tg (glass transition temperature) of 40**C or atxjve and having a molecular weight of 10.000 or 
more may be used, and phenoxy resin may be used. The hydroxyl-group-containing resin having a molecular weight of 
10,000 or more may be modified with a cartx)xyi-group-corrtaining elastomer, an epoxy-group-containing elastomer or 
a radical-polymerizable functional group. Those modified with the radical-polymer izatjie functional group are preferred 
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because heat resistance is improved 

^a^K k1 °' "mechanical properties and thermal properties of the resin, particularly preferred is a resin obtained 
^ ^IIS S. u epichlorohydrin. epibromohydrin and epiiodohydrln. 

rTi ^r^fr' ^-^^^^ -methylethylldene)bls[2-(l -methylethyl)phenoll. 4 4'.(1 -methylelhSideneibiV? 

rh;ss. itir^h^ssr^^^^^ 

(1-phenylethyidene)b.s[2-phenylphenoll. 4.4--butyfidenebis[3-methyl-6-(1 j4methyJethyl)S^enoTT 
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methanone, 4.4'-cyclohexylldenebisphenol, 4,4'-cyclohexylidenebis[2-methylphenoI]. 4,4'-cyclopentyliclenebisphenol . 
4.4-cyclopentyndenebis[2-methylpheno!], 4.4'-cyclohexylidene[2.6-dimethylphenol]. 4,4'-cyclohexylidenebis[2-(1 , 1 - 
dlmethylethyl)phenoG, 4,4'-cyclohexylidenebis[2-cyclohexylphenoO. 4.4'-(1 .2-ethanediyI)bisphenol, 4.4'-cycbhexyli- 
denebls[2-phenylphenol]. 4.4*-(1,4-phenylenebis(l-methylethyltdene)]bls[2-methyl phenol]. 4.4'-[l ,3-phenylenebis(1 - 
methylethylidene)]bisphenol. 4.4*-(1 .4-phenylenebis(1 -methylethylidene)]bisphenol. 4.4*-[1 ,4-phenylenebis(1 -methyl- 
ethylidene)]bis[2-methyl -6-hydroxymethylphenol], 4-{1 -[4-(4-hydroxy-3-methylphenyl)-4-methylcyclohexyl]-1 -methyle- 
thyl}-2-methyIphenol, 4-{1 -[4-(4-hydroxy-3.5-dimethylphenyl)-4-methylcyclohex yl]-l -methylethyl}-2.6-dimethylphenol, 
4,4'-(l ,2-ethanediyl)bisp,6-di-(1 ,1 -dimethylethyOphen ol]. 4.4*-(dlmethylsilylene)bisphenol. 1 .3-bis(p-hydroxyphenyl)- 
1,1.3.3-letramethyldisiloxane. silicone oligomers both-end terminated with p-hydroxyphenyl groups, and 2.2'-methyli- 
deneblsphenol. 2, 2'-methylethylidenebisphenol. 2.2*-ethylidenebisphenol or the like into the aromatic ring of the phe- 
nolic skeleton of which a straight-chain alky! group! a branched alkyi group, an aryl group, a methylol group or an allyl 
group has been introduced. 

[0051] Stated specifically, the last-mentioned ones may include 2.2* -methylidenebis[4-methylphenor|, 2.2 -ethyli- 
denebis[4-methylphenoI]. 2.2'-methylidenebis[4.6-dimethylphenol]. 2,2'-(l-methylethyIidene)bis[4.6<limethylphenoI]. 
2.2 -(1-methylethylidene)bis(4-sec-butyIphenol], 2,2 -methyfidenebis[6-(1,1<limethylethyl)-4-methy!pheno 1], 2.2'-ethyl- 
idenebis[4,6-di(1 . 1 -dim ethyl ethyl)phenol. 2.2'-methylidenebis[4-nonylphenoll, 2.2*-methylidenebis[3-methy[-4.6-di(1 . 1 - 
dimethylethyl)p henol], 2,2'-(2-methylpropylidene)]bis[2.4-dimethylphenol], 2,2*-ethylidenebis[4-(1 .1 -dimethylethyi)phe- 
nol), 2.2'-methylidenebls(2,4<il-t-butyl-5-methylphenol). 2.2*-methylidenebis(4-phenylphenol). 2.2'-methylidenebis(4- 
methyl-6-hydroxymethylphenol). 2,2'-methylenebis[6-(2-propenyl)phenol] and the like. These compounds may be used 
In combination of some kinds. 

[0052] Solution formed after the reaction is completed may be purified by reprecipitation using a bad solvent such as 
methanol to obtain the product as a solid phenoxy resin. The phenoxy resin thus produced may be used in combination* 
of two or more. 

[0053] To achieve the object of the present invention, the phenoxy resin may preferably be a resin comprised of a first 
constituent unit represented by the following Formula (I) and/or a second constituent unit represented by the following 
Formula (II) and containing at least one first constituent unit in the molecule. In a case where a copolymer having both 
the first constituent unit and the second constituent unit is used as the phenoxy resin, the phenoxy resin may preferably 
contain at least 10 mole% of the first constituent unit, and may more preferably in a copolymerization ratio of first con- 
stituent unit : second constituent unit = 2:8 to 82. In a case where two or more types of phenoxy resins are used, at 
least one of them may preferably be comprised of the first constituent unit and/or the second constituent unit and con- 
tain at least one first constituent unit in the molecule. 

"°~^])^''^''^^ (I) 

r2 oh 




OH 



[0054] In the formulae. to are each Independently selected from a hydrogen atom, an alkyI group having 1 to 4 
carbon atoms (such as a methyl group, an ethyl group, a propyl group, a butyl group, an isopropyl group or an isobutyl 
group) and an electron-withdrawing group. At least one of to R"* is an electron-withdrawing group. The electron-with- 
drawing group refers to a group whose Hammetfs substituent constant a has the positive value ("Chemical Dictionary". 
pp.833-834. 1986. Morikita Publish. Inc.). It may include, e.g.. halogens such as a fluorine atom, a chlorine atom and a 
bromine atom, a trifluoromethyl group, a trichloromethyl group, a tribromomethyl group, a nitro group, a nitrile group, 
alkoxyl groups such as a methoxyl group and an ethoxyl groip. a cartx)xyl group, alkylcartxjnyl groups such as a meth- 
ylcarbonyl group and an ethylcarbonyl group, alkoxycarbonyl groups such as a methoxycait)onyl group and an ethoxy- 
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carbonyl group, and alkylsulfonyl groups. The halogens are preferred. 

[0055] to are each independently selected from a hydrogen atom and an alkyi group having 1 to 4 carbon atoms 
(such as a methyl group, an ethyl group, a propyl group, a butyl group, an isopropyl group or an isobutyl group). 
[0056] and each represent a divalent organic group or linkage. There are no particular limitations on the divalent 
5 organic group represented by X^ and X^. For example, it may include the following. 
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45 

and — CH2^CH: 



so 



[0057] The phenoxy resin as described above can be obtained by using synthesis materials at least one of which is 
the bifunctional epoxy resin and/or bifuncttonal phenol which have a hydrogen atom, an atkyi group having 1 to 4 carbon 
atoms or an electron-withdrawing group. 
55 [0058] As specific examples of such an phenoxy resin, it may include, e.g.. a random copolymer comprised of a 
repeating unit represented by the following structural formula (III) and a repeating unit represented by the following 
structural formula (IV): 
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(V) 



35 a polymer comprised of a repeating unit represented by the following structural formula (VI): 



40 



'^^^ CH^-^^^O - CH2— CH- CH2-0-^^ -^^^^O— CH^- CH - CHz 

OH b/ CH3 Br OH 
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(VI) 



a polymer comprised of a repeating unit represented by the following structural formula (VII): 

so 
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(VII) 



and the like. 

[0059] In order for cured products to exhibit excellent properties such as flexibility, toughness and film-forming prop- 
erties, a phenoxy resin Is used which preferably has an average molecular weight (weight-average molecular weight in 
terms of polystyrene as measured by gel permeation chromatography) of at least 10,000, more preferably at least 
20.000, and stilt more preferably at least 30.000. As commercially available products, it may include, e.g., PKHH and 
PAHJ (available from Union Carbide Corporation), YPB-43C, YPB-43D. YPB-43G, YPB-43m and YP-50 or YFB- . 
40ASB25 and YPB-40AM40 (available from Tohto Kasei Co.. Ltd.). which may be purified by reprecipitation. 
[0060] The carboxyl -group-containing elastomer and the epoxy-group-containing elastomer may be any elastomers 
so long as they are those having a carboxyt group or epoxy group at the molecular terminal or in the molecular chain, 
including, e.g., butadiene copolymers, acrylic copolymers, polyether-urethane rubbers, polyester- urethane rubbers, 
polyamide-urethane rubbers and silicone rubbers. Butadiene type polymers are preferred. Incidentally, the butadiene 
type polymers may include butadiene polymer, butadiene-styrene copolymer, butadiene-acrylonitrile copolymer and the 
like. In particular, butadiene-acrylonitrile copolymer is preferred. 

[0061] The carboxyl-group-containing elastomer may preferably have a weight-average molecular weight ranging 
from 500 to 1 .000.000. more preferably from 1 ,000 to 800,000, and still wore preferably from 1 ,000 to 10.000. 
[0062] The quantity of a component compatible with the phenoxy resin contained in the elastomer skeleton may pref- 
erably be so determined that the phenoxy phase and the elastomer phase may be kept phase-separated, because the 
both may dissolve mutually if such a component is in a large quantity. The quantity of this component can be regulated 
as desired in accordance with the structure (SP value) of phenoxy resins and the heat resistance and mechanical 
strength of resins having been modified. For example, in the case of the butadiene-acrylonitrile copolymer, the content 
of the acrylonitrile may preferably be set to be not more than 40% by weight, more preferably from 5 to 40% by weight, 
and still more preferably from 10 to 30% by weight. As commercially available products, it may include, e.g., HYCAR 
CTBN1300X31. HYCAR CTBN 1300x8. HYCAR CTBN1300x13. HYCAR CTBNX1300x9. HYCAR CTBNX1009-SPand 
HYCAR CTB200x162 (available from Ube Industries. Ltd.), NIPOL DN 601 (available from Nippon Zeon Co., Ltd.), 
Nisso PB C-1000. C-2000 (available from Nippon Soda Co., Ltd.). and ELC-4 (available from Japan Synthetic Rubber 
Co., Ltd.)- 

[0063] When the sealing molding material of the present invention is used for electronic parts and devices such as 
semiconductors, ionic impurities in the material may preferably be made as less as possible. Accordingly, in these car- 
boxyl-group-containing elastomers, too. alkali metal ions such as Na"^ and K"*^ in the polymer may preferably be not more 
than 1 0 ppm, and more preferably not more than 5 ppm. and CI' may preferably be not more than 400 ppm. more pref- 
erably not more than 100 ppm, and still more preferably not more than 40 ppm. 

[0064] Such a phase-separated structural product of the present invention can be produced, e.g. , in the following way. 
[0065] Rrst. the phenoxy resin is dissolved in a solvent, and the cartx>xyl-group-contatning elastomer is dissolved in 
the resultant solution (the volume ratio of the phenoxy resin and the elastomer may be set as desired In accordance 
with the target values of flexibility, toughness and bonding strength of cured products, required in purposes for which 
the products are used, where the ratio of phenoxy resin : elastomer may preferably be in the range of from 60:40 to 
90:10. and more preferably from 66:33 to 87:13). 

[0066] The solvent used when produced may be any solvents so long as they are those capable of dissolving the phe- 
noxy resin and carboxyl-group-containing elastomer. In an instance where a blocked isocyanate, described later, is 
added to the solution formed after heat-mixing, the solvent must be a solvent inert to isocyanate groups. 
[0067] Next, the interior of the solution is well displaced with nitrogen, and thereafter the solution is mixed with stirring 
while heating it at about 100*C to about 220**C. and preferably about 130**C to about ISO^C. in an atmosphere of nitro- 
gen until the solution becomes semitransparent or transparent at normal temperature and preferably it comes to have 
a constant value of viscosity. The heat-mixing may preferably be carried out while ref luxing the solvent. 
[0068] The elastomer-modified phenoxy resin solution thus formed after the heat-mixing is completed may be purified 
by reprecipitation using a bad solvent such as methanol to obtain the product as a solid phase-separated structural 
product. The mechanism of such modification is unclear, but it has been ascertained that, in H1-NMR spectra before 
and after modification, the integral value corresponding to protons of the methine bonded to the hydroxyl group in the 
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phenoxy resin skeleton has decreased after modification. It has also been ascertained that, in FT-IR (Fourier-transform 
infrared absorption) spectra, remarkable changes have occurred in the spectra in the regions of from 3,460 cm"^ to 
3.560 cm'^ and from 1 ,610 cm'^ to 1 ,640 cm'^ which are not seen in products obtained by merely blending elastomers. 
From these facts, it is presumed that at least part of carboxyi groups of the cartjoxyl-group-containing elastomer and at 

5 least part of hydroxyl groups of the phenoxy resin form an ester linkage. 

[0069] In the elastomer-modified phenoxy resin which Is obtained in this way, the phenoxy resin and the cartx>xyl- 
group-containing elastomer make up phase separation, and this phase-separated structural product alone can form an 
optically transparent or semitransparent film-like product. Such a film-like product, when formed in a layer thickness of 
75 Jim, may preferably have a light transmittance at 500 nm wavelength, of 10% or more with respect to the light trans- 

10 mittance of air. The light transmittance may more preferably be from 20 to 90%. and still more preferably from 30 to 
85%. 

[0070] Whether or not the phase separation has been made up can be ascertained by observation with a scanning 
or transmission electron microscope or an atomic force microscope or by dynamic viscoelasticlty measurement, light 
scattering or small-angle X-ray scattering ("Polymer B!ends". pp.80-124. CMC Co. Ltd.). For example, in the dynamic 
75 viscoelasticlty measurement, it may be ascertained by the phenomenon that the tan§ (loss elastic modulus Q7storage 
elastic modulus G*) peak of principal dispersion of the elastomer phase and the tan6 peak of princqDal dispersion of the 
phenoxy resin phase are present independently. 

[0071] The phase-separated structural product of the present invention may preferably have a microscopic phase- 
separated structure wherein, in a scanning electron microscope of the film-like product, the elastomer phase and the 

20 phenoxy resin phase are cfispersed in the form of very small particles of submicroscopic order of about 0.1 to 0.3 ^im. 
Such a film-like product of phase-separated structure stands optically transparent or semitransparent. More specifically, 
the light transmittance of the phase-separated structural product of the present invention, when formed in the f ilni-like 
product with a layer thickness of 75 ^im. is 1 0% or more with respect to the light transmittance of air. 
[0072] The phase-separated structure of the elastomer-modified phenoxy resin obtained in the present invention may 

25 include. e.g.. the microscopic phase-separated structure formed of the elastomer phase and phenoxy resin phase, and 
a microscopic phase-separated structure formed of microscopic domains connected with one another, which are struc- 
tures hitherto unknown in. the mixing of carboxyi -group-containing elastomers with phenoxy resins. Such a microscopic 
phase-separated structure is considered to be one factor that brings about an improvement in bonding strength to 
adherends. 

30 [0073] The hydroxyl-group-containing resin having a molecular weight of 10.000 or more and the radical-polymeriza- 
ble substance may preferably be formulated in sudtt amounts of (hydroxyl-group-containing resin having a molecular 
weight of 10.000 or more/radical-polymerizable substance) of from 10/90 to 90/10, and more preferably from 30/70 to 
70/30. in weight ratio. 

[0074] In the circuit-connecting material of the present invention, a copolynier acrylic rubber which is a polymer or 
35 copolymer having as a monomer component at least one of acrylic acid, acrylate, methacrylate and acrylonitrile and 

contains glycidyl acrylate or glycidyl methacrylate containing a glycldyl ether group may also be used in combination. 

Such a material brings about superior stress relaxation, and is preferred. The acrylic rubber may preferably have a 

molecular weight (weight average) of 200.000 or more in view of an improvement of cohesive force of adhesives. 

[0075] The circuit-connecting material may also contain a filler, a softener, an accelerator, an anti-aging agent, a col- 
40 orant. a flame retardant, a thixotropic agent a coupling agent and a phenol resin, as well as a melamine resin, a kirKi 

of isocyanates and the like. 

[0076] The material containing a filler can improve connection reliability and so forth, and is preferred. The filler may 
be used so long as its maximum particle diameter is smaller than the particle diameter of the conductive particles, and 
may preferat^y be added in an amount ranging from 5 to 60 parts by volume based on 1 00 parts by volume of the adhe- 
45 sive resin component. Its addition in an amount more than 60 parts by volume may saturate the effect of improving reli- 
ability, and, In an amount less tiian 5 part by volume, may bring about less effect of addition. 

[0077] As the coupling agent, those containing a vinyl group, an acrylic group, an amino group, an epoxy group or an 
isocyanate group are preferred in view of an improvement of adhesion. 

[0078] The circuit-connecting material of the present invention is a connecting material vtfhich is interposed between 
so circuit electrodes facing each other and electrically connects the electrodes in the pressing direction by pressing the 
facing electrodes against each other, wherein it has. in measurement with a differential scanning calorimeter (DSC) at 
10**C/min., an exothermic reaction arising temperature (Ta) within a range of from 70**C to 110*0, a peak temperature 
(Tp) of Ta + 5 to 30**C and an end temperature (Te) of 1 60*»C or below. 

[0079] Conventional epoxy resin film-like adhesives. tfiough having an excellent operability, have been required to be 
55 heated at about 140 to 180**C when connected in a time of about 20 seconds, and at about 180 to 210^*0 when con- 
nected in 10 seconds. This is because catalyst type curing agents, which are inert at normal tenperature. are used so 
that both short-time curability (rapid curability) and storage stability (storability) can be achieved to attain a better sta- 
bility, and hence no sufficient reaction can take place when cured. In recent years, in the field of precision electronic 
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equipment, circuits are being made higher in density, resulting in very small width of electrodes and very narrow spaces 
between electrodes. Hence, there has been a problem that the wiring comes off, separates or positionaily deviates 
under connecting conditions for circuit-connecting materials making use of conventional epoxy resin adhesives. Also, 
in order to improve production efficiency, it is increasingly sought to shorten the connecting time to 10 seconds or less, 
making it indispensable to attain low-temperature rapid curability. 

[0080] The circuit-connecting material of the present invention can provide an electric and electronic circuit-connect- 
ing material which can cure upon heating at 140 to 180**C for about 10 seconds to connect circuit electrodes, and also 
has a relatively long pot life at room temperature. 

[0081] The circuit-connecting material of the present invention, even when it does not contain any conductive parti- 
cles, can achieve connection by bringing the facing circuit electrodes into direct contact when connected, but stabler 
connection can be achieved in a case where it contains conductive particles. 

[0082] The conductive particles may include particles of metals such as Au, Ag, Ni. Cu and solder or cart>on. In order 
to attain a sufficient pot life, they may preferably have surface layers formed of not a transition metal such as NI or Cu 
but a noble metal such as Au, Ag or a platinum group metal, and more preferably be formed of Au. Particles comprising 
a transition metal such as Ni and surface-coated with a noble metal such as Au may also be used. In a case of particles 
comprising non-conductive, glass or ceramic or plastic and on which the above conductive layers have been formed by 
coating to provide outermost layers of a noble metal and cores of plastic, or in a case of heat-fusion metal particles, the 
particles are defbrmable upon heating and pressing and hence can have a larger area of contact with electrodes at the 
time of connection, bringing about an improvement In reliability Thus, such particles are preferred. Such coat layers of 
a noNe metal may preferably be In a thickness of 1 00 A or larger in order to attain a good resistance. However, in a case 
where layers of a noble metal are provided on particles of a transition metal such as Ni. it may preferably be in a thick- 
ness of 300 A or larger, since free radicals generated by the redox action caused when. e.g.. the noble-metal layers 
come off during the mixing and dispersion of conductive particles may cause a lowering of storage stability. The con- 
ductive particles are used properly In accordance with purposes, within the range of from 0.1 to 30 parts by volume 
based on 100 parts by volume of the adhesive resin component. In order to prevent adjoining circuits from short- 
circuiting because of any excess conductive particles, the conductive particles may more preferably be used within the 
range of from 0. 1 to 10 parts by volume. 

[0083] The circuit-connecting material may also be separated into two or more layers, and separated into a layer con- 
taining the curing agent capable of generating free radicals upon heating and a layer containing the conductive parti- 
cles. In such an instance, it can be improved in pot life. 

[0084] The circuit-connecting material of the present Invention may also be used as a film-like adhesive for bonding 
IC chips to a chip-mounting sut)strate or for bonding electric circuits mutually. 

[0085] The circuit-connecting material of the present invention may still also be used when semiconductor chips are 
bonded and fastened to a substrate with an adhesive film by face-down bonding and at tiie same time electrodes of tiie 
both are electrically connected to one anotiier. 

[0086] More specifically, a first circuit member having first connecting terminals and a second circuit member having 
second connecting terminals may be disposed in such a way that the first connecting terminals and the second con- 
necting terminals face each ottier, and the circuit-connecting material (film-like adhesive) of the present invention may 
be interposed between the first connecting terminals and the second connecting terminals which face each otiier. fol- 
lowed by heating and pressing to electrically connect tiie first connecting terminals and the second connecting termi- 
nals which face each other. 

[0087] As such circuit members, chip component parts such as semiconductor chips, resistor chips and capacitor 
chips and substrates such as printed-wiring substrates are used. 

[0088] Usually, in these circuit members, a large number of connecting terminals {which may be in a singular number 
as occasion calls) are provided. At least one set of the circuit members are disposed in such a way that at least part of 
the connecting terminals provided, on these circuit members face each otiier. and the adhesive is Interposed between 
the connecting terminals facing each other, followed by heating and pressing to electrically connect the connecting ter- 
minals facing each other. 

[0089] At least one set of the circuit members is heated and pressed, whereby the connecting terminals facing each 
other can electrically be connected in direct contact or via conductive particles of an anisotropic conductive adhesive 
[0090] In the circuit-connecting material of tiie present inverrtion, the adhesive melt-flows at the time of connection 
and. after the circuit electrodes facing each otiier have been connected, cures to keep the connection, thus the fluidity 
of the adhesive is an important factor. Using glass sheets of 0.7 mm tfiick and 15 mm x 15 mm in size and when a cir- 
cuit-connecting material of 35 jim thick and 5 mm x 5 mm in size Is held between the glass sheets and tiiese are heated 
and pressed at 150*C and 2 MPa for 10 seconds, the value of fluidity (B)/(A) expressed on the basis of an initial area 
(A) and an area (B) after heating and pressing may preferably be from 1 .3 to 3.0, and more preferably from 1 .5 to 2.5. 
If the value is less than 1 .3, the fluidity may be so poor as to enable no good connection in some cases. If it is more than 
3.0, air bubbles tend to occur to make reliability poor in some cases. 
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[0091 ] The circuit-connecting material of the present invention may preferably have a modulus of elasticity of from 100 
to 2.000 MPa. and more preferably from 1 .000 to 1 ,800 MPa, at 40**C after curing. 

[0092] The circuit terminal connecting method of the present invention is characterized in that the circuit-connecting 
material capable of curing i^on radical polymerization is formed on one drcuit electrode whose surface is formed of a 
5 metal selected from gold, silver, tin and platinum group metals, and thereaifter the other circuit electrode is registered, 
followed by heating and pressing to connect them. 

[0093] The circuit electrode connected structure of the present invention is a circuit electrode connected structure 
wherein circuit electrodes facing each other is electrically connected via a circuit-connecting material, and is character- 
ized in that the surface of at least one of the facing connecting terminals is formed of a metal selected from gold, silver, 
10 tin and platinum group metals and the circuit-connecting material is a circuit-connecting material capable of curing upon 
radical polymerization. 

[0094] As the circuit-connecting material capat)le of curing upon radical polymerization, an anisotropic conductive 
adhesive containing conductive particles may be used. As the conductive particles of such an anisotropic conductive 
adhesive, conductive particles are used whose surfaces are formed of a noble metal selected from gold, silver and plat- 

15 inum group metals. 

[0095] As a result of extensive studies on connecting methods of electrically connecting circuit electrodes facing each 
other by the use of adhesives capable of curing upon radical polymerization, good electrical connection can be attained 
when the surface of at least one of the facing connecting terminals is formed of gold, silver, a platinum group metal or 
tin, and a radical-polymerizaWe adhesive is laid and formed on that surface (provisional connection), followed by main 
20 connection. 

[0096] Fig. 1 is a cross-sectional view showing the step of provisional connection of circuit substrates, illustrating an 
embodiment of the present invention. Fig. 2 is a cross-sectional view showing the step of main connection of circuit sub- 
strates, illustrating an embodiment of the present invention. In these figures, reference numerals 1 and 2 denote sub- 
strates; 1-a and 2-a. circuit electrodes: 3, an adhesive; 4. conductive particles; and 5. a hot plate. 
25 [0097] The substrate 1 used in the present invention is an insulating substrate made of silicone or gallium arsenic as 
in semiconductor chips, or glass, ceramic, a glass-epoxy composite or plastic, and the substrate 2 fadng this substrate 
is also made of the similar material. 

[00981 The circuit electrodes 1-a are provided on the surface of the substrate 1 . using copper foil, and gold surface 
layers are formed thereon. The surface layers are formed of gold, silver, a platinum group metal or tin. any of which may 
30 be selected and any of which may be used in combination. Also, a plurality of metals may be combined in the manner 
of, e.g.. copper/nickel/gold to provide multi-layer configuration. The circuit electrodes 2-a are provided on the surface of 
the substrate 2. using ccpper foil, and tin surface layers are formed thereon. 

[0099] The substrates provided with the circuit electrodes may preferably previously be subjected to heat treatment 
before the step of connection carried out using the circuit-connecting material in order to eliminate the influence of the 
35 volatile component due to heating at the time of connection. The heat treatment may preferably be made under condi- 
tions of a temperature of 50**C or above for 1 hour or longer, and more preferably a temperature of 100°C or above for 
5 hours or longer. 

[0100] The adhesive 3 is an adhesive comprised essentially of the curing agent capable of generating free radicals 
upon heating and the radical-curable substance, or may be the radical-curable anisotropic conductive adhesive having 
40 conductive particles dispersed therein in a prescribed quantity. In the latter, the conductive particle may preferably 
have surfaces formed of a noble metal selected from gold, silver or a platinum group metal. The adhesive 3 is laid and 
formed (provisional connection) on the substrate 1 . 

[0101] As shown in Fig. 2, after the provisional connection, the circuit electrodes 1 -a of the substrate 1 and the circuit 
electrodes 2-a of the substrate 2 are registered, and heat and pressure are applied from the upper part of the substrate 

45 2 by means of the hot plate 5 for a prescn"bed time to complete the main connection. 

[0102] When circuit electrodes are connected using a radical -curable adhesive having a good reactivity and using cir- 
cuit electrodes whose surfaces are formed of transition metal such as nickel or copper, radical polymerization inevitably 
proceeds because of redox action after the radical-curable adhesive is laid and formed (provisional connection) on the 
circuit electrodes and thereafter left for a certain period of time, so that the adhesive may flow with difficulty to enable 

50 no sufficient electrical connection at the time of main connection. However, the present invention enables electric and 
electronic drcuit connection promising a low-temperature curability superior to. and a longer pot life than, those of con- 
ventional epoxy resin types. 

[01 03] At least one of the substrates provided with the circuit electrodes may be subjected to heat treatment at a tem- 
perature of 50*C or above for 1 hour or longer. 

55 

Exanple 1 

[0104] 50 g of phenoxy resin (available from Union Carbide Ck)rp.; trade name: PKHC; average molecular weight: 
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45.000) was dissolved in a 50/50 (weight ratio) mixed solvent of toluene (boiling point: 1 10.6*»C; SP value: 8.90) and 
ethyl acetate (t)oiIing point: 77. rC; SP value: 9.10) to form a solution with a solid content of 40%. 
[01 05] As the radical-polymerizable substance, trihydroxyethyl glycol dimethacrylate (available from Kyoeisha Chem- 
ical Co., Ltd.; trade name: 80MFA) was used. 
5 [01 06] As the free-radical-generating agent, a 50% by weight DOP solution of t-hexylperoxy-2-ethyl hexanoate (avaB- 
able from Nippon Oil & Fats Co., Ltd. ; trade name: PERCURE HO) was used. 

[0107] On the surfaces of polystyrene-core particles, nickel layers of 0.2 jim thick were provided. On the outsides of 
the nickel layers formed, gold layers off 0.04 ^m thick were provided. Thus, conductive particles of 1 0 ^lm in average par- 
ticle diameter were produced. 

10 [0108] The phenoxy resin, the trihydroxyethyl glycol dimethacrylate resin and the t-hexyl peroxy-2-ethylhexanoate 
were formulated in amounts of 50 g. 50 g and 5 g, respectively, jn solid weight ratio, and the conductive particles were 
further mixed and dispersed in an amount of 3 parts by volume based on 100 parts by volume of the resin component. 
The resultant dispersion was coated on a one-side surface-treated PET film of 80 \ivn thick by means of a coater, fol- 
lowed by hot-air drying at 70*^0 for 10 minutes to obtain a circuit-connecting material having an adhesive layer of 35 jim 

75 thick. 

[01 09] Using the above circuit-connecting material, flexible printed circuit boards (FPCs) each having 500 lines of cop- 
per circuits of 50 pm in line width. 100 jim pitch and 18 nm thick were connected to each other over a width of 2 mm 
while heating and pressing them at 160"C and 3 MPa for 10 seconds. Here, the circuits were connected by putting the 
adhesive surface of the circuit-connecting material on the one FPC, followed by heating and pressing at 70^C and 5 
20 MPa for 5 seconds to make provisional connection, and thereafter peeling the PET film and connecting the one FPC to 
the other FPC. 

Examples 2 to 4 

25 [01 1 0] ClrcuH-connecting materials were obtained in the same manner as in Exannple 1 except that the trihydroxyethyl 
glycol dimethacrylate and a phosphate type acrylate (available from Kyoeisha Chemical Co.. Ltd.; trade name: P2m) 
were used as radical-polymeri2at)le substances and the solid weight ratio of the phenoxy resin/trihydroxyethyl glycol 
dimethacrylate/phosphate type acrylate was set to be 50 g/49 g/l g (Example 2). 30 g/69 g/1 g (Example 3) or 70 g/29 
g/1 g (Example 4). 

30 [0111] Using these circuit-connecting materials, the circuits were connected in the same manner as in Examplel. 
Example 5 

[01 12] A circuit-connecting material was obtained in the same manner as in Example 1 except that the amount of the 
35 curing agent was changed to 2 g. 

[01 1 3] Using this circuit-connecting material, the circuits were connected in the same manner as In Example 1 . 

Example 6 

40 [01 14] A circuit-connecting material was obtained in the same manner as in Example 1 except that the curing agent 
was changed to t-butyt peroxy-2-ethylhexanoate (available from Nippon Oil & Fats Co., Ltd.: trade name: PERBUTYL 
O). 

[01 1 5] Using this circuit-connecting material, the circuits were connected in the same manner as in Example 1 . 
45 Example 7 

[01 16] 1 00 g of phenoxy resin (PKHC) of 45,000 in average molecular weight was allowed to react with 25 g of a buta- 
diene-acrylonitrile copolymer terminated with a carboxyl group (HYCAR CTBNX1009-SR available from Ube Indus- 
tries, Ltd.) by a conventional process to produce a phenoxy resin modified with the butadiene-acrylonitrile copolymer 
50 terminated with carboxyl groups. A circuit-connecting material was obtained in the same manner as in Example 1 
except that this phenoxy resin was used and the solid weight ratio of the phenoxy resin/trihydroxyethyl glycol dimeth- 
acrylate/phosphate type aaylate was set to be 60 g/39 g/1 g. 

[01 1 7] Using this circuit-connecting material, the circuits were connected in the same manner as in Example 1 . 
55 Example 8 

[0118] 100 g of phenoxy resin (PKHC) of 45,000 in average molecular weight was modified with 25 g of an epoxy- 
group-containing acrylic copolymer to produce a modified phenoxy resin. A circuit-connecting material was obtained in 
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the same manner as in Example 1 except that this phenoxy resin was used and the solid weight ratio of the phenoxy 

resin/trihydroxyethyl glycol dimethacrylate/phosphate type jacrylate was set to be 60 g/39 g/1 g. 

[0119] Using this circuit-connecting material, the circuits were connected in the same manner as in Exanple 1 . 

5 Example 9 

[0120] A circuit-connecting material was obtained in the same manner as in Example 1 except that an epoxy-group- 
containing acrylic copolymer (acrylic rubber) was used and the solid weight ratio of the phenoxy resin/acrylrc rubber/tri- 
hydroxyethyf glycol dimethacrylate.phosphate type acrylate was set to be 40 g/20 gy39 g/1 g. 
10 [0121 ] Using this circuit-connecting material, the circuits were connected in the same manner as in Example 1 . 

Example 10 

[0122] 1 00 g of phenoxy resin (PKHC) of 45,000 in average molecular weight was allowed to react with 5 g of a monoi- 
15 socyanate terminated with an acrylic group, by a conventional process to produce a phenoxy resin modified with acrylic 
groups. A circuit-connecting material was obtained in the same manner as in Example 1 except that this phenoxy resin 
was used and the solid weight ratio of the phenoxy resin/trihydroxyethyl glycol dimethacrylate. phosphate type acrylate 
was set to be 60 g/39 g/1 g. 

[0123] Using this circuit-connecting material, the circuits were connected in the same manner as in Example 1 . 

so 

Example 11 

[0124] A circuit-connecting material was obtained in the same manner as in Example 1 except that Ni particles having 
an average particle diameter of 2 ^im and surface-coated with Au (coating thickness: 0.08 ^m) were used as the con- 
25 ductive particles and mixed in an amount of 0.5 parts by volume. 

[0125] Using this circuit-connecting material, the circuits were connected in the same manner as in Example 1 . 

Example 12 ' 

30 [0126] A circuit-connecting material was obtained in the ^me manner as in Example 1 except that the conductive 
particles were replaced with those having particle diameter of 5 jim. 

[0127] Using this circuit-connecting material, the circuits were connected in the same manner as in Example 1 . 
Example 13 

35 

[0128] A circuit-connecting material was obtained in the same manner as in Example 1 except that 2,2-bis{4-(acry- 
loxy • diethoxy)phenyl}propane (available from Shin-Nakamura Chemical Co.. Ltd.; trade name: A-BPE-4) was used as 
the radical-polymerizable substance and the solid weight ratio of the phenoxy resin/2. 2-bis{4-(acryloxy -diethoxyjphe- 
nyl}propane.phosp hate type acrylate was set to be 60 g/39 g/1 g. 
40 [0129] Using this circuit-connecting material, the circuits were connected in the same manner as in Exanple 1 . 

Example 14 

[0130] A circuit-connecting material was obtained in the same manner as in Exanple 1 except that dicyclopentenyl 
45 acrylate (available from Kyoeisha Chemical Co.. Ltd.; trade name: DCP-A) was used as the radical -polymerizable sub- 
stance and the solid weight ratio of the phenoxy resin/ dicyclopentenyl acrylate, phosphate type acrylate was set to be 

60 g/39 g/1 g. 

[01 31 ] Using this circuit-connecting material, the circuits were connected in the same manner as in Example 1 . 
so Example 15 

[01 32] A circuit-connecting material was obtained in the same manner as in Example 1 except that tris(acryloyloxye- 
thyl) isocyanurate was used as the radical-polymerizable substance and the solid weight ratio of the phenoxy 
resin/lris(acryloyloxyethyl) asocyanurate. phosphate type acrylate was set to be 60 g/39 g/1 g. 
55 [0133] Using this circuit-connecting material, the circuits were connected in the same manner as in Example 1 . 
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Example 16 

[0134] A mixture obtained by mixing 30 g of 4.4'-bismaleimide diphenylmethane and 35 g of diallylbisphenol A with 
heating at 120*^0 for 20 minutes and a phosphate type acrylate (available from Kyoeisha Chenriical Co., Ltd.; trade 
5 name: P*2m) were used as radical-polymerizable substances. 

[01 35] Phenoxy resin (PKHC) and nitrile rubber (available from Nippon Zeon Co. . Ltd.; trade name: NIPOL 1 072) were 
used in a ratio of phenoxy resin/nitrile rubber of 20 g/1 0 g, and were dissolved in 30 g of methyl ethyl ketone to prepare 
a solution with a solid content of 50%. 

[0136] The mixture obtained by mixing 4,4*-bismaleimide diphenylmethane and diallylbisphenol A with heating at 
10 120*^0 for 20 minutes, the phenoxy resin, the nitrile rutsber, the phosphate type acrylate and t-hexyl peroxy-2-ethylhex- 
anoate were formulated in amounts of 69 g. 20 g, 10 g, 1 g and 5 g, respectively, in solid weight ratio, and conductive 
particles were further mixed and dispersed in an amount of 3 parts by volume. The subsequent procedure of Example 
1 was repeated to ot^tain a circuit-connecting material. 

[0137] Using this circuit-connecting material, the circuits were connected in the same manner as in Example 1. 

15 

Example 17 

[0138] A circuit'Connecting material was obtained in the same manner as in Example 14 except that a mixture 
obtained by mixing 30 g of 4,4''bismaleimide diphenylmethane and 20 g of diallylbisphenol A with heating at 120''C for 
20 20 minutes was used as the radical-polymerizable substance. 

[0139] Using this circuit-connecting material, the circuits were connected in the same manner as in Example 1 . 

Example 18 

25 [01 40] A circuit-connecting material was obtained in the same manner as in Example 1 except that Ni particles having 
an average particle diameter of 2 ^m and surface-coated with Pd (coating thickness: 0.04 ism) were used as the con- 
ductive particles and mixed in an amount of 0.&% by volume. 

[0141] Using this circuit-connecting material, the circuits were connected in the same manner as in Example 1 . 
30 Comparative Example 

[0142] A circuit-connecting material was obtained in the same manner as in Example 1 except that phenoxy resin 
(PKHC), bisphenoi-A epoxy resin (YL980, trade name of a product of Yuka Shell Epoxy K.K.) and an imidazole type 
microcapsular curing agent (3941 HP, trade name of a product of Asahi Chemical Industry Co., Ltd.) were used and the 
35 solid weight ratio of the phenoxy resin/bisphenol-A epoxy resin/imidazote type microcapsular curing agent was set to 
be 40/20/40. 

(Measurement of Connection Resistance) 

40 [0143] After the circuits were connected, the values of resistance between adjoining circuits of the FPCs having the 
above connected portion were measured at the initial stage and after keeping for 500 hours in a high-temperature high- 
humidity chamber of SS^'C and 85%RH. The resistance values were indicated as an average (x + 3a) of resistance at 
150 spots between adjoining circuits. The circuit-connecting material obtained in Example 1 exhibited a good connec- 
tion reliability. It was also in a low connection resistance at the initial stage and in an only slightly higher resistance after 

45 the high-temperature high-humidity test showing a high durability. The same good reliability as that in Example 1 was 
also attained in Examples 2 to 18. On the other hand, in Comparative Example, the bonding was in a poor state 
because of an insufficient curing reaction, resulting in a high connection resistance at the initial stage. 

(Measurement of Adhesive Force) 

so 

[0144] After the circuits were connected, adhesive force was measured by 90-degree peeling at a peel rate of 50 
mm/minute. In Comparative Example, the curing reaction was so insufficient that the adhesive force was as low as 
akx>ut 200 gf/cm in bonding strength. In Examples 1 to 18, an adhesive force of as good as about 1.000 gf/cm was 
attained. 

55 

(Evaluation of Storage Stability) 

[0145] The circuit-connecting materials obtained were treated for 30 days in a 30°C thermostatic chamber, and the 
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circuits were connected in the same manner as the above to evaluate their storage stability. 

[0146] In all Examples, the results of connection were obtained which were the same as those in the state where the 
circuit-connecting materials were not treated for 30 days in a SO^C thermostatic chamber (the initial stage). 

5 (Evaluation of Insulating Properties) 

[0147] Using the above circuit-connecting materials obtained, a printed-wiring substrate having comb circuits with 
alternately arranged 250 lines of copper circuits of 50 im in line width. 100 ^im pitch and 18 urn thick and a flexible 
printed circuit board (FPC) having 500 lines of copper drcuits of 50 jim in line width. 1 00 jim pitch and 1 8 |jm thick were 
10 connected to each other over a width of 2 mm while heating and pressing them at 160*»C and 3 MPa for 10 seconds. A 
voltage of 100 V was applied to the comb circuits of this connected structure to measure the value of insulation resist- 
ance after a 500-hour. 85**C/85%RH high-temperature high-humidity test. 

[0148] In all Examples, good insulating properties of 109 Cl or above were attained and any lowering of insulating 
properties was seen. 

IS 

(Evaluation of Fluidity) 

[0149] Using a circuit-connecting material of 35 thick and 5 mm x 5 mm in size, this was held between glass 
sheets of 0.7 mm thick and 15 mm x 15 mm In size and these were heated and pressed at 150°C and 2 MPa for 10 
20 seconds. The value of fluidity (B)/(A) expressed on the basis of an initial area (A) and an area (B) after heating and 
pressing was determined to find that it was 1 .9 in Example 1 . and also witiiin the range of from 1 .3 to 3.0 in Examples 
2 to 10. 

(Modulus of Elasticity After Curing) . 

2S 

[01 50] The modulus of elasticity at 40*C after curing was measured on the circuit-connecting material of Example 1 
to find that it was 1 .500 MPa. 

(DSC Measurement) 

30 ' . 

[0151] On the circuit-connecting materials obtained, the exothermic reaction arising temperature (Ta). peak temper- 
ature (Tp) and end temperature (Te) were determined by means of a differential scanning calorimeter (DSC, manufac- 
tured by TA Instrument Co. ; trade name: Model 91 0) in the measurement at 1 0**C/mih. 

[01 52] In Example 1 , the arising temperature (Ta) was 89^C. the peak temperature (Tp) was 1 03*C and the end tem- 
35 perature (Te) was 145^C, In Example 2. the arising temperature (Ta) was ST'^C. the peak temperature (Tp) was 99^0 
and the end tenperature (Te) was 140»C. In Example 7, the arising temperature (Ta) was 92**C. the peak temperature 
(Tp) was 1 16«C and tile end temperature (Te) was 150°C. In Comparative Example, the arising temperature (Ta) was 
86^C. the peak temperature (Tp) was 12rC and the end temperature (Te) was 180*»C. 

40 POSSIBILirV OF INDUSTRIAL APPLICATION 

[0153] As described above, the present invention makes it possible to provide an electric and electronic circuit-con- 
necting material having a low-temperature curability superior to, and a longer pot life than, those of conventional epoxy 
resin types. 

45 

Claims 

1 . A circuit-connecting material which is interposed between circuit electrodes facing each other and electrically con- 
nects the electrodes in the pressing direction by pressing the feeing electrodes against each other, wherein: 

so 

said circuit-connecting material comprising as essential components the following components (1) to (3): 

(1) a curing agent capable of generating free radicals upon heating; 

(2) a hydroxyl-group-containing resin having a molecular weight of 1 0.000 or more; and 
ss (3) a radical-polymerizable substance. 

2. The circuit-connecting material according to claim 1 . wherein said curing agent capable of generating free radicals 
upon heating has a 10-hour halMife temperature of 40*C or above and a 1 -minute half -life temperature of 180'C or 
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beiow. 

3. The circuit-connecting material according to daim 1 or 2, wherein said curing agent capable of generating free rad- 
icals upon heating is a peroxyester. 

4. The circuit-connecting material according to any one of claims 1 to 3, wherein said radical-polymerizable substance 
comprises a radical-polymerizable substance represented by the following chemical formula (a). 



o 
li 

(HO)n_3 — P 



I ^ 

•0CH2CH2OCOC = CH2 



n 



(a) 



wherein n is an integer of 1 to 3. 



5. The circuit-connecting material according to any one of claims 1 to 4, wherein said hydroxyl-group-containing resin 
having a molecular weight of 10,000 or more is a phenoxy resin. 

6. The circuit-connecting material according to any one of daims 1 to 5, wherein said hydroxyl-group-containing resin 
having a molecular weight of 10,000 or more is a phenoxy resin modified with a carboxyl-group-containing elas- 
tomer 

7. The circuit-connecting material according to any one of claims 1 to 5. wherein said hydroxyl-group-containing resin 
having a molecular weight of 10.000 or more is a phenoxy resin modified with an epoxy-group-containing elas- 
tomer. 

8. A circuit-connecting material which is interposed between circuit electrodes facing each other and electrically con- 
nects the electrodes in the pressing direction by pressing the fadng electrodes against each other, wherein: 

said circuit-connecting material comprising as essential conponents the following components (3) and (4): 

(3) a curing agent capat>le of generating free radicals upon heating and having a 10-hour half-life tenper- 
ature of 40°C or above and a 1 -minute half-life temperature of 180*»C or below; and 

(4) a radical-polymerizable substance. 

9. The circuit-connecting material according to claim 8. wherein said curing agent capable of generating free radicals 
upon heating is a peroxyester. 

10. The circuit-connecting material according to any one of daims 1 to 9, which contains an acrylic rubber. 

1 1 . A circuit-connecting material which is interposed between circuit electrodes facing each other and electrically con- 
nects the electrodes in the pressing direction by pressing the fadng electrodes against each other, wherein: 

said circuit-connecting material having, in a measurement with a differential scanning calorimeter (DSC) at 
10**C/min.. an exothermic reaction arising temperature (Ta) within a range of from 70*»C to 1 10**C. a peak tem- 
perature (Tp) of Ta + 5 to 30**C and an end temperature (Te) of 1 60**C or below. 

12. The circuit-connecting material according to any one of daims 1 to 1 1 . which contains conductive particles. 



1 3. A circuit terminal connected structure comprising a first drcuit member having a first connecting terminal and a sec- 
ond circuit member having a second connecting terminal, wherein: 
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said circuit members being disposed in such a way that the first connecting terminal and the second connect- 
ing terminal face each other; the circuit-connecting material according to any one of claims 1 to 12 being inter- 
posed between the first connecting terminal and the second connecting termirial which face each other; and 
the first connecting terminal and the second connecting terminal which face each other being electrically con- 
5 nected. 

14. A circuit terminal connecting method comprising: 

disposing a first circuit member having a first connecting terminal and a second circuit member having a sec- 
10 ond connecting terminal, in such a way that the first connecting terminal and the second connecting terminal 

face each other and interposing the circuit-connecting material according to any one of claims 1 to 12, between 
the first connecting terminal and the second connecting terminal which face each other, followed by heating 
and pressing to electrically connect the first connecting terminal and the second connecting terminal which 
face each other. 

75 

1 5. A circuit terminal connected structure conriprislng a first circuit mender having a first connecting terminal and a sec- 
ond circuit member having a second connecting terminal, wherein: 

said circuit members being disposed in such a way that the first connecting terminal and the second connect- 
20 ing terminal face each other; a circuit-connecting material capable of curing upon radical polymerization being 

interposed between the first connecting terminal and the second connecting terminal which face each other; 
the surface of at least one of the first and second connecting terminals being formed of a metal selected from 
gold, silver, tin and platinum group metals; and the first connecting terminal and the second connecting termi- 
nal which face each other being electrically connected. 
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16. A circuit terminal connecting method comprising: 



disposing a first circuit member having a first connecting terminal and a second circuit member having a sec- 
ond connecting terminal, in such a way that the first connecting terminal and the second connecting terminal 
30 face each other and interposing a circuit-connecting nriateria! capable of curing upon radical polymerization. 

between the first connecting terminal and the second connecting ternrnnal which face each other, followed by 
heating and pressing to electrically connect the first connecting terminal and the second connecting terminal 
which face each other, wherein: 

a surface of at least one of said first and second connecting terminals being fbmned of a metal selected from 
35 . gold, silver, tin and platinum group metals; and said circuit-connecting material capable of curing upon radical 

polymerization being formed on one connecting terminal whose surface is formed of the metal selected from 
gold, silver, tin and platinum group metals, and thereafter the other connecting terminal being registered, fol- 
lowed by the heating and pressing to connect them. 

40 17. The circuit terminal connected structure according to claim 15. wherein said circurt-connecting material capable of 
curing upon radical polymerization is the circuit-connecting material according to any one of daims 1 to 12. 

18. The circuit terminal connecting method according to claim 16, wherein said circuit-connecting material capable of 
curing upon radical polymerization is the circuit-connecting material accorcfing to any one of claims 1 to 12. 

45 
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